PURPOSE. Ultrahigh-resolution optical coherence tomography (UHR-OCT) with adaptive optics (AO) provides micrometerscale 3D resolution that is attractive for imaging the retinal microvasculature. Such imaging may be useful for early detection of pathologic changes as in diabetic retinopathy. Here the authors investigate this potential for detecting individual capillaries in healthy subjects. METHODS. UHR-AO-OCT volumes centered on the fovea were acquired from seven subjects (age range, 25-61 years) with three preselected with no foveal avascular zone (FAZ). Images were compared with entoptic diagrams using the capillaries at the rim of the FAZ. Methods of comparison were testing for the presence of a FAZ, noting distinct features in the capillary pattern, and measuring the size of the FAZ. Additional analysis included measurements of capillary diameter and depth range with retinal eccentricity. RESULTS. UHR-AO-OCT results are consistent with entoptic observations for all three methods of comparison. FAZ diameters measured by UHR-AO-OCT and entoptic imaging are strongly correlated (R 2 ϭ 0.86). Average capillary diameter near the FAZ rim is 5.1 (4.6) Ϯ 1.4 m, with the value in parentheses accounting for axial image blur. This is consistent with histology (average, ϳ4.7 m). Depth range of the capillaries increases monotonically with eccentricity (0°-1.25°) and is larger and more variable for subjects without FAZ. CONCLUSIONS. UHR-AO-OCT permits observation of many of the capillaries proximal to the FAZ, including those of average size based on published histology. This supports the view that the vast majority of capillaries in the retina are likely detectable with UHR-AO-OCT. (Invest Ophthalmol Vis Sci. 2011;52:6292-6299) 
T he retinal vasculature is a complex, layered network of vessels and capillary beds that permeate the retina. They provide a steady supply of nutrients and dispose of cellular byproducts, both essential for maintaining retinal health and function. Compromise of this support system has severe consequences to the retina and often underlies retinal abnormalities, in particular diabetic retinopathy, a leading cause of blind-ness in the Western world. Fluorescein angiography (FA) [1] [2] [3] [4] [5] [6] [7] and entoptic viewing 8 -15 are established methods for observing fine details of the retinal vasculature and early pathologic changes. Both techniques, however, are not without shortcomings. FA requires injection of a toxic fluorescent dye and fails to detect a significant fraction of capillaries, especially those with small diameters, because of its poor depth sectioning capability and sensitivity to quality of the angiogram (optical quality of the eye). In spite of these shortcomings, FA has been used to measure the retinal microcirculation (e.g., capillary blood flow velocity [5] [6] [7] , area between capillaries, 6 and FAZ size. [1] [2] [3] [4] 6 Entoptic viewing is a psychophysical method that allows self-visualization of the retinal vasculature or, more specifically, the shadow patterns the vasculature casts during illumination of the retina. Unlike FA, entoptic viewing is noninvasive, unaffected by the eye's optics, and limited to the fovea for viewing capillaries. In this localized area, the method has been used to study foveal capillary details, FAZ size and shape, 8 -10 foveal vessels, 9 -11 macular blood flow, 12, 13 and capillary density around the FAZ. 14 It has also been compared with fluorescein angiography and shown to contain more foveal capillary detail. 15 More recently, retinal imaging instruments equipped with adaptive optics (AO) have garnered considerable interest for imaging the retinal microvasculature. AO increases imaging resolution and sensitivity, both advantageous for detecting small, weakly reflecting capillaries. AO scanning laser ophthalmoscopes (AO-SLOs) have been used to map the local 2D distribution and flow dynamics of the retinal microvasculature in living eyes. 16 -18 AO retina cameras based on flood illumination have also demonstrated similar imaging capability. 19 AO has been incorporated into optical coherence tomography (OCT). 20 -27 The major advantage of OCT is its substantially higher axial resolution 28, 29 (ϳ3-8 m compared with Ͼ60 m for AO-SLO and AO flood-illumination retina cameras), which, when combined with AO, offers the potential to map the microvasculature in all three dimensions to differentiate, for example, the multilaminar networks of capillaries.
There have been reports of AO-OCT imaging of retinal capillaries, 23-25,30 -32 in particular that by Hammer et al., 24 who compared the diameters of capillaries of patients with retinopathy of prematurity with those of persons without it. The vasculature detail realized with these instruments is impressive, yet the qualitative nature of these observations along with the quantitative analysis of Hammer et al. 24 do not address whether the capillaries are faithfully imaged. This raises a fundamental issue about the capacity of AO-OCT to image capillaries, whose size varies considerably (2.5-7 m 33 ; 2.5-10 m 34 ) and that network with vessels of increasingly larger size. Certainly the AO-SLO mapping of the small capillaries near the rim of the FAZ suggests AO-OCT is capable of the same, but this has yet to be demonstrated. Moreover, AO-SLO and AO-OCT instruments are fundamentally different. The interferometric nature of AO-OCT results in high-contrast speckle that permeates the AO-OCT image and confounds the detection of structures that approach the size of speckle (e.g., comparable to the diameters of small capillaries). The much slower image acquisition of AO-OCT compared with AO-SLO (100 -1000 times slower) also leads to larger and more disruptive motion artifacts that degrade the image and obstruct visualization of capillaries.
Given these unknowns, we investigated the capability of an ultrahigh-resolution AO OCT system (UHR-AO-OCT) to image capillaries in a 3°ϫ 3°region centered on the fovea. This region [35] [36] [37] is occupied by the FAZ and the network of capillaries that define its terminal rim. Use of the rim capillaries enabled us to compare the UHR-AO-OCT images with entopic viewing, an independent and established psychophysical method for mapping foveal capillaries 8 -15 on the same seven subjects. Comparisons were made in terms of presence or absence of a FAZ, gross dimensions of the FAZ, and qualitative characteristics of capillary patterns unique to specific eyes. In addition, UHR-AO-OCT measurements of the capillary diameter and depth variation with retinal eccentricity are reported.
SUBJECTS AND METHODS

Subjects
We recruited seven subjects for UHR-AO-OCT and entoptic measurements. The subjects ranged in age from 25 to 61 years (average Ϯ SD, 37.1 Ϯ 14.5). All were free of ocular disease and had normal corrected vision. Age, presence of FAZ, refractive error, visual acuity, and axial length for each subject are listed in Table 1 . To facilitate comparison of the two measurement techniques, 3 of the 7 subjects were preselected with no FAZ, a condition present in only a small portion of the population. 38, 39 
Description of the UHR-AO-OCT Instrument
The UHR-AO-OCT system used for this study is described in detail elsewhere. 30 In short, the UHR-AO-OCT is a fiber-based Michelson interferometer that contains an ultra-broadband superluminescent diode and a woofer-tweeter AO system to achieve a 3D resolution of approximately 3 ϫ 3 ϫ 3 m 3 in retinal tissue. The AO component consists of a Shack-Hartmann wavefront sensor (SHWS) for measuring ocular aberrations, an AOptix (Campbell, CA) deformable mirror (DM) (37 electrodes; 16-m stroke) for correction of primarily low-order aberrations, and a Boston MicroMachines Corporation (BMC; Cambridge, MA) DM (140 actuators; 3.8-m stroke) for correction of primarily high-order aberrations. The ocular aberrations are dynamically corrected at 22.5 Hz during UHR-AO-OCT image acquisition. Before acquisition, the AOptix mirror adjusts focus in the thick retina for optimal visibility of the retinal vasculature, the retinal feature of interest for this study. The UHR-OCT light source is a superluminescent diode (BroadLighter; Superlum Diodes Ltd., Moscow, Russia) with 110-nm bandwidth, 840-nm center wavelength, and 12-mW output power. The OCT control and acquisition software was upgraded to a 64-bit platform and recoded in C# and Cϩϩ for increased volume acquisition and storage, faster processing, and enhanced user control. UHR-AO-OCT A-scans were acquired at a rate of 22.5 kHz.
Procedure for UHR-AO-OCT Experiment
Procedures on human subjects strictly adhered to the tenets of the Declaration of Helsinki and the Institutional Review Board of Indiana University. Measurements were performed in the right eyes of the seven volunteers. Before UHR-AO-OCT measurements, 1 drop of 0.5% tropicamide was applied topically to the subject's eye for pupil dilation and paralysis of accommodation. A bite bar mount attached to a three-axis positioning stage stabilized the subject's head. The subject's line of sight was coaligned to the optical axis of the UHR-AO-OCT system, permitting volume images to be acquired of the fovea. This alignment was realized by the subject fixating on a visual target positioned on the optical axis of the UHR-AO-OCT system and lateral alignment of the subject's pupil such that the UHR-AO-OCT beam passed through the pupil center.
For two of the subjects, trial lenses were added to coarsely remove large levels of defocus and astigmatism that could not be adequately removed with the AO system. AO was initiated (AOptix first, then BMC) followed by dynamic correction (BMC only) during the UHR-AO-OCT volume acquisition. Coarse adjustment in focus was guided by image quality of the UHR-AO-OCT image displayed in real time on the computer monitor. Fine adjustment of focus entailed acquiring a series of UHR-AO-OCT volumes of the same patch of retina with slightly different focus (typically Ϯ0.05 D) to ensure clear images of capillaries were acquired. This two-step focus procedure (coarse and fine) minimized the impact of focus error on the clarity of individual capillaries.
Maximum power delivered to the eye was ϳ400 W, which complies with the ANSI standard. 40 Care was taken to axially position the retina of each subject so that it resided roughly 500 m from the zero-delay point of the UHR-AO-OCT. In this way, fluctuations in dynamic range caused by sensitivity drop-off of the spectrometer were minimized. UHR-AO-OCT volumes were acquired of 3°ϫ 3°(ϳ900 ϫ 900 m) retinal patches. A 3°field was selected to ensure coverage of the retinal capillary network that defines the rim of the FAZ, which is typically 1.5°to 2.5°in diameter. 6, 10, 39 Each volume consisted of 100 B-scans of 1000 A-scans each (4.4 seconds) nominally centered on the fovea (line of sight). B-scan spacing was purposefully coarser to enable rapid acquisition of large volumes and to reduce the impact of eye motion and tear film artifacts.
Volumes were selected for postprocessing that exhibited minimal motion artifacts and provided best clarity of the retinal vasculature. Typically, this meant selecting the best volume from among several acquired of the same retinal location. Using ImageJ software (developed by Wayne Rasband, National Institutes of Health, Bethesda, MD; available at http://rsb.info.nih.gov/ij/index.html) with the "StackReg" plug-in (developed by Philippe Thévenaz, Biomedical Imaging Group, Swiss Federal Institute of Technology Lausanne; available at http:// bigwww.epfl.ch/thevenaz/stackreg/), 100 preprocessed B-scans were registered. The registration was constrained to the x-z (B-scan) plane involving x and z shift and single-axis rotation; individual A-scans were not adjusted relative to each other. The volumes were then cropped to eliminate the empty space generated by the registration procedures at the volume edge.
After registration, layers containing retinal capillaries were extracted by manually identifying and removing the inner limiting membrane, outer nuclear layer, and all layers that fell outside these two. What remained were only those layers with retinal vasculature. An en face projection of this sub-volume was used to determine the horizontal and vertical diameters of the FAZ (i.e., as visually identified in the projection). This involved measuring (degrees) the distance between capillaries at opposite edges of the FAZ (nasal to temporal; inferior to superior). Next, 10 capillaries within 100 m of the FAZ edge were randomly selected. No preference was given to capillary appearance other than that the capillary had to be visually distinguishable from the background reflectance. A-scan traces of their linear intensity profile were 4ϫ oversampled (zero padding in Fourier domain), registered, and averaged; from this a full-width-at-half-maximum (FWHM) width was determined. The FWHM measurement protocol followed that used by Hammer et al. 24 except that we measured the diameter of the capillary only in the axial direction. Note that we confined our measurements to those parts of the capillaries in which we could confirm the orientation as perpendicular to the incident UHR-AO-OCT beam, thereby avoiding the need to account for angle differences. We also chose to measure axial width as opposed to lateral width to avoid obvious errors that would have been incurred by the 9-m sampling of B-scans. Last, we determined the depth range of retinal capillaries (shallowest to deepest) as a function of retinal eccentricity (0°-1.25°). Capillary depth was manually identified along eight radial lines (45°i ntervals) that subtended 360°and intersected at the deepest position in the fovea pit, as identified in the UHR-AO-OCT volume.
Procedure for Entoptic Experiment
The entoptic method was administered to the same seven volunteers and was used as an independent measure of the FAZ. Using a throughthe-pupil Maxwellian-view entoptoscope (described in detail elsewhere 15 ), subjects were asked to fixate on the central portion of a 15°fi eld of uniform blue light (447 nm). Absorption of blue light by the retinal vasculature projects a high contrast shadow pattern onto the underlying photoreceptors. The subject was instructed to draw the vasculature pattern on paper, paying attention to the defining edges of the FAZ, if it was observed. Subjects were permitted to view their drawing and the entoptic shadow as long as they wanted and were given as much practice and time as desired. None of the subjects were provided information about their UHR-AO-OCT images. Next, the horizontal and vertical dimensions of the subject's FAZ were measured by the subject adjusting the size of the blue field (controlled by an adjustable, circular diaphragm in the entoptoscope (see Ref. 15 for details) until its horizontal and vertical extent matched that of their entoptic FAZ. The adjustment procedure was repeated three times for each direction (horizontal and vertical) and required approximately 5 minutes per subject.
RESULTS
UHR-AO-OCT volumes and entoptic drawings of the foveal region were successfully obtained on the seven subjects. Representative UHR-AO-OCT volumes (extracted capillary subregions) are shown for subjects 2 and 7 in Figure 1 . In the UHR-AO-OCT volumes, retinal capillaries and other retinal vasculature appear bright on a dim background, reflecting more light than the surrounding neural tissue. The neural reflection is not altogether inconsequential, however, becoming appreciable with increased inner retina thickness, as evident in the A B figure. The volume acquired on subject 2 (Fig. 1a) suggests a well-defined FAZ, composed of a capillary-free region (center of volume) surrounded by a network of capillaries. In comparison, the volume on subject 7 (Fig. 1b) suggests the absence of a FAZ with vessels traversing through the central fovea region where the zone would normally be.
FAZ Comparison of UHR-AO-OCT and Entoptic Methods
Next we compared the UHR-AO-OCT results with those obtained with the Maxwellian-view entoptoscope. Comparison involved testing for the presence of a FAZ, noting distinct features in the capillary pattern near the FAZ rim, and measuring the vertical and horizontal dimensions of the FAZ. Entoptic drawings were successfully obtained on the seven subjects; two representative drawings are shown in Figures 2b and 2d , along with the associated UHR-AO-OCT images (Figs. 2a, 2c ). For these two subjects, the figure reveals strong similarities in the FAZ, as recorded by the two methods (details in figure  legend) . Similar observations were made on the other five subjects (not shown). In 3 of the 7 subjects, the FAZ was missing, as determined with UHR-AO-OCT; this matched the entoptic observations. For the four subjects with a FAZ, Figure 3 shows the correlation between measured (UHR-AO-OCT) and predicted (entoptic viewing) FAZ diameters. The two are found strongly correlated (R 2 ϭ 0.862).
Diameters of Capillaries near FAZ Edge
For each UHR-AO-OCT volume, 10 capillaries proximal to the FAZ edge were randomly selected, and their axial profiles were measured, registered, and averaged. As an example, Figure 4 shows the location of the 10 selected capillaries and the corresponding intensity profile (average and SD). The FWHM diameter for this subject is 4.6 m. The average capillary diameter for each of the seven subjects is given in Figure 5 .
Thickness of the Foveal Capillary Bed with Retinal Eccentricity
The depth range (shallowest to deepest) of capillaries observed in the UHR-AO-OCT volumes was measured as a function of retinal eccentricity (0°-1.25°). Results are plotted in Figure 6 and grouped by subjects with and without a FAZ. The figure shows that all subjects shared the same general trend: a monotonic increase in depth range with eccentricity. Differences between the two groups of subjects, however, are apparent. For subjects with a FAZ, a zero bed thickness (capillary-free region) extends from the fovea center out to approximately 1°( location denoted by dash arrows in the figure; see also FAZ dimensions in Fig. 3 ). At the maximum eccentricity measured (1.25°), the average depth range varied from 24 to 37 m across the three subjects. For subjects without a FAZ, average depth range varied from 10 to 26 m (foveal center) and 49 to 56 m (1.25°eccentricity). The depth range of the subjects without a FAZ was consistently larger than that with, regardless of retinal eccentricity. In addition, subjects without exhibited considerably more variability in their own eyes, as indicated by the larger SD bars in Figure 6b than in Figure 6a . The average SD is 8.5 m (without FAZ) compared with 1.2 m (with FAZ) along different directions.
DISCUSSION
In this study, we investigated the capability of UHR-AO OCT to image individual capillaries in the fovea region, with emphasis on those that define the terminal rim of the FAZ. Use of the rim enabled comparison with entoptic viewing on the same eyes. Additional analysis of the UHR-AO-OCT volumes yielded mea-surements of capillary diameter and bed thickness with retinal eccentricity.
Validation of UHR-AO-OCT Using Entoptic Viewing
Validation of UHR-AO-OCT involved three parts: testing for the presence of a FAZ, noting distinct features in the capillary pattern near the FAZ rim, and measuring the size of the FAZ. To facilitate the first part, 3 of the 7 subjects were preselected with no FAZ. All volumes acquired with the UHR-AO-OCT showed clear evidence of the presence or absence of a FAZ, and this correctly matched the entoptic results. The two UHR-AO-OCT images in Figure 1 demonstrate how apparent it is to distinguish the two FAZ conditions. In short, UHR-AO-OCT was found just as effective as entoptic viewing at detecting microvasculature that protruded into the normally empty FAZ. The second part took advantage of the fact that the FAZ vascular pattern varies significantly between eyes, making each pattern effectively unique. This was clearly evident in the four eyes that exhibited a FAZ. UHR-AO-OCT images for three of the eyes are shown in Figures 2 and 3 . Note the obvious vascular differences among the three UHR-AO-OCT images; it would be difficult to mistake these as being from the same eye. Furthermore, distinct vascular features, such as the rectangular subregion free of capillaries of Figure 2a and the tortuous capillary pattern at the bottom of Figure 2c , are also suggestive in the entoptic drawings (Figs 2b, 2d ). Although these observations are qualitative, the consistent finding of the same general capillary pattern across UHR-AO-OCT image and entoptic drawing provides further evidence that UHR-AO-OCT detects many of the capillaries proximal to the FAZ, many of which should be 4 to 5 m in diameter. 33, 34 The third part was the most quantitative: correlating FAZ size measurements from UHR-AO-OCT and entoptic viewing. As shown in Figure 3 , a strong correlation was found (R 2 ϭ 0.862). Interestingly, one of the subjects had a noticeably larger (ϳ3°) FAZ that was correctly detected with UHR-AO-OCT and barely fit into the instrument's field of view. Note that the regression slope and intercept (y ϭ 0.845x ϩ 0.257) deviates somewhat from the ideal y ϭ x line, indicating systematic errors in the data. These errors likely did not originate from noise in the UHR-AO-OCT data because the capillaries could be readily identified in the images, and variations in repeated measurements were negligible relative to the average absolute difference of 9.3% between the two methods. Furthermore, UHR-AO-OCT did not consistently overestimate or underestimate the FAZ size, Diameter (µm)
Subject Number
With avascular zone Without avascular zone indicating a system calibration error. UHR-AO-OCT overestimated two subjects and underestimated the other two. A plausible explanation, which points to a potential weakness of our test, is the use of a circular diaphragm in the entoptoscope to measure the FAZ. Irregularities in the FAZ shape are commonplace and distort the shape from circular, in some cases noticeably (up to 20%). Thus, though the subjects demonstrated good precision (well below the 9.3% average absolute difference) in repeated adjustments of the circular diaphragm, obvious judgment by the subject was required to determine the best match between diaphragm and FAZ in the horizontal and vertical meridians. Consistent with this, the subject with the most distorted FAZ gave the worst agreement between the two methods. Given this uncertainty plus the striking differences in how these two methods work (psychophysics compared with optical imaging), an average absolute difference of 9.3% should not be surprising.
In summary, UHR-AO-OCT yielded results consistent with those on entoptic viewing. UHR-AO-OCT correctly detected the three subjects missing a FAZ, delineated unique features in the FAZ boundary that qualitatively matched those produced by entoptic viewing, and yielded FAZ dimensions (width and height) that were strongly correlated with entoptic viewing. All evidence points to the conclusion that UHR-AO-OCT can detect the small capillaries that define the rim of the FAZ.
Diameters of Capillaries near FAZ Rim
Next, UHR-AO-OCT was used to measure the axial profile of capillaries proximal to the FAZ. Average diameter across the seven subjects was 5.1 Ϯ 1.4 m, with a range of 3.5 m to 6.7 m. The range fits well within those reported by Weinhaus et al. 33 (2.5-7 m) and Snodderly et al. 34 (2.5-10 m). Weinhaus et al. 33 also reported average diameters of 4.7 Ϯ 0.8 m, 4.5 Ϯ 0.7 m, and 4.7 Ϯ 0.8 m for capillaries residing in the ganglion cell, shallow inner nuclear, and deep inner nuclear layers of the retina. These three layers are believed to contribute predominantly to the capillaries near the FAZ and thus were likely the capillaries we observed with UHR-AO-OCT. Indeed, the UHR-AO-OCT average value of 5.1 m is consistent with the capillary sizes of these layers, the small but significant approximately 0.5-m difference not withstanding.
A likely source for the 0.5-m difference is blurring caused by the 3.3-m coherence length (axial resolution), which is not accounted for in our diameter measurements. As a first-order estimate of what the actual diameter is, we modeled the imaging process with Fourier optics and used Gaussian functions to represent the axial point spread function and capillary cross-section. Based on this model, the actual average diameter is estimated to be 4.6 m (instead of 5.1m), with an actual range of 2.6 m to 6.3 m instead of 3.5 m to 6.7 m. These estimates come strikingly close to the reported histology.
In short, the consistency of UHR-AO-OCT measurements of capillary size with histology provides substantive evidence that UHR-AO-OCT is capable of imaging a large portion of the capillaries proximal to the FAZ, certainly capillaries at least as small as 5 m and likely smaller. Outside the fovea, retinal scatter (which increases with retinal depth) may degrade the image quality of deeper capillaries because it is well known to do so for fluorescein angiography. However, unlike fluorescein angiography, UHR-AO-OCT provides extremely fine optical sectioning (3 m) and, if needed, can be combined with phase-sensitive detection to increase vasculature contrast. 41 Although capillary imaging at all depths in the retina with UHR-AO-OCT is likely possible, this remains to be tested.
Comparison of capillary diameters of the four subjects with and the three subjects without a FAZ revealed that the former had somewhat larger capillaries (5.6 m vs. 4.7 m), but the difference was not statistically significant (t-test value: Ϫ0.76). This finding does not support that of Hammer et al. 24 in which high-resolution (HR-)AO-OCT was used on 10 subjects to measure capillary diameters in retinopathy of prematurity (ROP without FAZ) and on those without it (control with FAZ). Average diameters of 11.6 m (control with FAZ) and 7.5 m (ROP without FAZ) were reported, and the difference was significant. Unfortunately, we could not investigate the potential influence of ROP on capillary size in our subjects because documented history of ROP was unavailable. This issue aside, however, any comparison would have been hampered by the large discrepancy in capillary size between the two studies. The average diameters reported by Hammer et al. 24 (11.6 m and 7.5 m) are noticeably larger than ours and those of the two histologic studies. In fact, the 11.6-m diameter falls well outside the range of both histologic studies. Perhaps the added axial resolution of UHR-OCT (compared with HR-OCT) and attention to focus at the capillary plane are necessary for such measurements.
Depth Range of Capillaries with Retinal Eccentricity
It is well known that the retinal vasculature is laminated with capillary beds located at discrete depths in the retina. 42 S3 S1 Near the fovea, beds occur in the nerve fiber layer and ganglion cell layer, and two straddle the inner nuclear layer. At the FAZ rim, only the inner nuclear layer beds exist and form effectively one layer because of the shrinking thickness of the retina in the fovea pit. Here we investigated the capability of UHR-AO-OCT, with its 3-m axial resolution, to measure the collective depth range (shallowest to deepest) of these layers as a function of retinal eccentricity (0°-1.25°). Figure 6 shows depth changes on the order of tens of microns are readily detectable with UHR-AO-OCT. In Figure  6a , the capillary-free region extends to approximately 1°( indicated by dash arrows), the edge of which was confirmed to be of capillaries in the inner nuclear layer. The 30to 40-m thickness jump at roughly 1.25°reflects the onset of capillaries in the ganglion layer, which is consistent with the formation of capillary layers in the fovea as reported with histology. 33, 34 Regardless of retinal eccentricity, the average depth range of the capillaries was always greater in subjects without than in subjects with a FAZ (compare Figs 6a and 6b ). This condition must obviously hold at eccentricities inside the FAZ area, but it also holds at larger eccentricities where both subject groups have an abundance of capillaries. The larger range is consistent with the findings of Hammer et al., 24 who observed appreciably thicker inner retinal layers for ROP subjects.
CONCLUSION
Current reports of AO-OCT imaging of the retinal vasculature imply faithful imaging of the fine capillary networks. By comparing to entoptic viewing on the same eyes, we show that UHR-AO-OCT with careful focusing is indeed capable of imaging many of the capillaries proximal to the FAZ, including those of average size (ϳ4.7 m), as predicted by histology. This suggests that the vast majority of capillaries in the retina are likely detectable with UHR-AO-OCT, though increased instrument sensitivity may be required to offset increased scatter when the retina becomes thick and the capillaries are deep. This remains to be investigated. Aside from this caveat, UHR-AO-OCT is a promising option for noninvasive mapping of the intricate details of the multilaminar networks of capillaries in the retina. Future technological advances-for example, high-speed OCT imaging using recently reported line scan detectors 25, 43 and phase detection 41 -will only improve on the results presented here.
